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Abstract 
The Australian mining industry has embraced risk-based management strategies across the entire spectrum of applications, from 
feasibility studies and mine planning and design, through to new equipment and technology implementation.  This paper provides 
a review of the importance of such an approach in providing a proactive strategy for mine safety – achieving an appropriate blend 
of both technology and risk-based mining practices. Management of core risks associated with particular mining systems, 
together with understanding critical technical and technology risks is essential to achieving a safe mine. Key ingredients within 
the management systems also include good communications, education and training. In the case of underground mining, 
geotechnical risks are often paramount. The paper discusses some major achievements in the field of underground geomechanics 
and how these have influenced mine safety management and design.   
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1. Introduction 
The goal of any mining company in the 21st century should be to operate its mines efficiently, productively, 
economically, responsibly in a sustainable manner, and above all, safely. Whilst mining conditions vary enormously 
between different mineral deposits, and the use of different mining methods for each different deposit introduces a 
range of different inherent hazards and associated risks, there are some fundamental principles that need to be 
addressed in order to ensure that optimum performance is achieved in regard to all of the above performance 
parameters, without compromising mine safety. 
What do we mean by mine safety? Fundamentally, mine safety must relate to the maintenance of the health and 
well-being of all persons who work or visit a mining operation. Employees, contractors and visitors who arrive on a 
mine site must be able to return home at the end of each day in at least the same health in which they arrived. But 
mine safety must be seen as more than that. It must also be seen as more than just a reactive system of recording 
safety statistics.  Mine safety must embrace the concept and responsibility for the entire mine operation – from the 
initial planning process through to the final days of mine operation; and even the stages of mine closure. Mine safety 
in this context means planning, designing, operating and closing the mine using the most appropriate and 
responsible methodologies, technologies and work practices so as to ensure that the risk of any accidents, or the risk 
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of creating any unnecessary hazards – be they within the mine, or across the broader environment and community 
impacted by the mine – is minimized.  In this context, this broader concept of mine safety is in fact a fundamental 
component of the concept of mine sustainability. 
This paper will explore, by way of examples, some of the issues which are considered to be key ingredients in the 
challenge of achieving safe mining practice – including technology issues, but importantly, some of the management 
issues which are essential components, right from feasibility study stages, through to operations management.  In 
particular, the importance of a risk-based management strategy applied across the mining operation, and applied to 
the different fields of technology is considered. Equally importantly is the question of training and education of key 
personnel. In terms of technology examples, the paper will draw on the author’s particular experience and interest in 
underground mine geomechanics to provide some examples of critical technology considerations. The approaches 
considered by the paper are not simply hypothetical or theoretical views, but are at the core of modern practice 
within the Australian mining industry. 
2. Risk-based approach to mining 
The Australian mining industry initially identified the use of risk-based management techniques during the 1980s, 
with research studies performed by the coal industry, which evaluated techniques applied in the nuclear industries of 
various northern hemisphere countries. This identified the scope of applying a risk based approach to mining 
scenarios – essentially because, as with most engineering, we are usually dealing with many uncertainties, and a 
large number of variables, without a simple black and white answer to each situation under consideration. Having 
identified the opportunities presented by this new “management technique”, this then led to a rapid expansion of the 
risk-based approach across the Australian mining industry, with the use of a range of tools adopted for hazard 
identification, risk assessment and risk management. (There is a very comprehensive source of resource material on 
these various techniques available through the website of the Minerals Industry Safety and Health Centre (MISHC), 
based at the University of Queensland, www.mishc.uq.edu.au). 
In simple terms, the primary definitions of hazard and risk are: 
• Hazard – any unwanted event (be it relating to safety, economics, geology etc). 
• Risk – a measure of the outcome that a hazard represents, in terms of being a function of both the probability of 
the hazard occurring, and the consequence, if it does occur. 
i.e., Risk = Probability x Consequence. 
Therefore the starting point of a risk-based approach to mining is to identify the various hazards that are present 
or possible across a particular aspect of the operation or project. This needs to be a very rigorous process, and can 
apply to the mine environment, a piece of equipment, a mining system or process, a work procedure etc. 
Having identified the hazards, the next logical step is to perform a risk assessment. These can take a variety of 
forms, ranging from quantitative to qualitative assessments. An essential ingredient of a successful risk assessment 
is to involve a representative team of people, usually facilitated by an independent person. The team must comprise 
the various different roles and types of expertise involved with the topic under assessment. Failure to form an 
appropriate risk assessment team membership can result in fatal flaws and shortcomings in the subsequent outcomes 
of the assessment. 
Arising from the risk assessment process, risks are commonly classified as major, intermediate or minor. It must 
be recognised that there is no such thing as a totally risk free environment, with certain levels of risk having to be 
accepted within any aspect of an operation. The usual hierarchy of dealing with risks is to work through the three 
following principles, commencing with the major risks: 
• Eliminate (If possible, the first course of action should be to remove the risk altogether by eliminating the 
hazard(s) involved); 
• Mitigate (Modify some aspect of the hazard, such that the risk severity is reduced);  
• Tolerate (Reach a decision that a certain level of risk is inevitable and cannot be further reduced, but that the 
consequences involved are acceptable). 
Key components of any risk assessment are the control or management strategies identified for adoption in order 
to eliminate, mitigate or tolerate the identified risk profiles. These can take the form of procedural actions, 
development of management plans, or they may involve physical changes in equipment or mine designs and layouts 
to achieve the desired risk reduction. These various controls are often referred to as being “hard” or “soft” barriers – 
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indicating physical impediments to prevent the undesirable outcome, as opposed to virtual impediments such as 
procedures, training, management plans, signage etc, aimed at behavioural change. A further element of risk 
management is the use of triggers to identify changing risk profiles for particular hazards. Geotechnical hazards are 
notorious for exhibiting considerable variations across a mining lease, often within short distances.  The use of 
triggers provides a means of objectively identifying the changed risk or hazard profile and responding accordingly. 
These are usually embodied in what are referred to as TARPs – Trigger Action Response Plans. 
The above discussion is a very broad overview of the major elements of a risk-based management approach, 
which now is almost universally adopted across the Australian mining industry, as a vital component of safe mine 
management practice. 
 
3. Mining system risks 
It has long been recognised that underground mining operations involve a particular level and type of risk that is 
not encountered in most other industries – certainly not to such an extent, or on such an ongoing basis throughout 
the project life. This difference can be appreciated if one considers an analogy of the mining operation as a set of 
processes taking place within an overall system. By comparison with say a manufacturing system of processes, as 
discussed by Ward (2000), where all the processes take place using fairly consistent feedstock within a fixed, 
controlled factory environment, the mining system operates in an opposite manner. In mining, the ore reserve or 
minable deposit (the feedstock) is fixed in the ground and extremely variable, but the mining system (or overall 
operation of a set of processes) – akin to the “factory” in the manufacturing system –  is mobile, moving through the 
input feedstock, or orebody, encountering a constantly changing environment.   
The combination of the ever-changing “feedstock” of ground conditions, together with the constantly moving, or 
dynamic mining system, generates a variable profile of risks that must be managed throughout the mining project. 
This risk profile must be recognised from “Day 1” in the mine feasibility study as the orebody is characterized and 
mining method options are evaluated. 
Amongst these types of risk profile, geotechnical risk must rank close to the top of the tree, possibly along with 
ventilation, as the most critical area or sector of an underground mining operation that can lead to significant 
problems – from both a safety and economic perspective.  In years gone by, there was a view held that such risks 
were simply an inherent part of underground mining that could neither be avoided, controlled nor managed in any 
way. Fortunately, this view is now part of mining history, and most enlightened mining engineers and mine 
operators now recognize that modern risk management techniques can be applied in the mining geotechnical field, 
to great effect, to safely manage such risks throughout the mining operation. 
A further difficulty is the problem of the changing mine environment – again particularly with regard to 
geotechnical risks. Often a mine will modify or even change the mining method altogether during the course of the 
operation as a result of changing conditions, but may fail to revisit the core risks associated with the different mining 
systems now being adopted, or the management systems that were put in place to address the original core risks but 
may no longer be adequate or appropriate for the new method. 
4. Definition of core risk 
The following definition of a core risk was proposed by Hebblewhite (2003a): 
The term “core risk” is used to describe any risk associated with a major hazard or potential hazard, that is an 
inherent feature of a generic mining method. Almost by definition, core risks cannot be totally eliminated, and must 
therefore be controlled and managed during the life of the mining method or system of work. 
Under this definition, core risks may be of a technical nature, may be project or financial risks, and may or may 
not impact on mine safety. The core risks do not need to be present in every mining operation of a particular 
method, but they are very directly related to the method, rather than just some local, specific condition or 
circumstance, and they must be evaluated in every instance where that method is contemplated. 
The concept of core risks discussed above arose from the Coronial Inquest held into the Northparkes Mine 
Disaster in NSW, Australia in November 1999 which claimed the lives of four men, including the mine manager, 
when a massive collapse occurred in a block cave operation resulting in a major airblast (Bailey, 2003). Further 
details were provided by Hebblewhite (2003b). 
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Amongst the recommendations from the Northparkes Inquest (Bailey, 2003) were the following, with respect to 
developing an improved understanding of any mining systems to be used, and the appropriate management 
responses to such systems: 
(a) Identification of the core risks that are inherent in the proposed mining operations/methods under considera-
tion, at the time of the initial feasibility study stages of the project; 
(b) The above core risk identification should generate both a means of comparison of alternative mining method 
options, at the feasibility stage, as well as a subsequent package of priority management strategies for elimination or 
control of these core risks to an acceptable level, throughout the future life of the project; 
(c) At the feasibility and design stages of any mining project, the project should be subjected to a rigorous 
process of independent audit, by a team that is at least external to the dedicated project team. Such an audit process 
should address both the economic and technical aspects of the project, and must include an assessment of the core 
risks identified and the proposed means of addressing such risks; 
(d) The above audit process should be repeated at regular “milestone” stages of a mining project (not necessarily 
by an external team), from conceptual planning through to and during operations. Such ongoing audits should 
include review and scrutiny of initial planning and design issues in the light of changing conditions or 
circumstances, to ensure that the critical safety-related design issues and management strategies continue to be both 
appropriate and adequate. 
5. Technical considerations – geotechnical issues  
 
The School of Mining Engineering at UNSW has been conducting research into a range of geotechnical aspects of 
underground coal mining for most of the last 20 years. The following two summary examples are provided as very 
brief case studies of geotechnical issues, or hazards, for which improved monitoring and design procedures have 
been developed to assist in the management of the geotechnical hazards present in many underground mines. The 
two geotechnical research/technology examples are: 
• Underground coal mine pillar design procedures; 
• Monitoring and development of an improved understanding of the hazards of windblasts/airblasts in underground 
excavations. 
6. Underground coal pillar design 
 
Following a series of fatalities in underground coal mines in NSW during the 1980s and early 1990s – particularly 
involving pillar extraction bord and pillar mining systems, the Joint Coal Board funded a major research project at 
UNSW to develop an improved understanding of the mechanics of coal pillar performance. This research 
culminated in the UNSW Pillar Design Procedure (Galvin et al (1999)) which has been widely adopted across the 
Australian underground coal industry. The pillar strength determination has been based on an extensive empirical 
database of both failed and unfailed pillar systems which have been statistically evaluated using the maximum 
likelihood method. The relationship between the calculated pillar load and the pillar strength is expressed in terms of 
a pillar Factor of Safety (FOS), where the value of the FOS is linked to a probability of failure, through the database 
analysis.  In this way, pillar design can be carried out through a risk-based approach, whereby, depending on the 
acceptable level of risk determined by the mine, and the possible consequences of a pillar system failure, the pillar 
FOS can be chosen by selection of the acceptable value of probability of failure. Fig. 1 shows a graph of the log-
linear relationship between FOS and probability of failure, for particular versions of the UNSW pillar strength 
calculations. 
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Fig. 1. UNSW pillar design procedure – relationship between FOS and probability of failure (after Galvin et al, 1999)  
 
 
7. Windblast research 
 
The School of Mining Engineering at UNSW has also actively researched the phenomenon of windblasts in coal 
mines since the early 1990s. Windblasts have typically been associated with delayed caving of massive strata units 
in the overburden of underground coal mines where extensive extraction – either bord and pillar or longwall, has 
taken place. The consequences of windblasts can be severe in terms of injury or potential fatality of mineworkers, 
together with equipment damage and production disruption. The UNSW research, led by Dr Chris Fowler, was 
focused on developing suitable instrumentation for monitoring the over-pressures associated with windblast events, 
and then deriving air velocities (Fowler et al, 2003). After many frustrating attempts to capture a windblast with the 
prototype equipment, success was achieved when regular large-scale events were measured at Newstan Colliery in 
Longwall 5 panel (Hebblewhite & Simpson (1997)) and then subsequently at Moonee Colliery.  
The results of this innovative monitoring research identified that peak velocities in excess of 300km/hr were 
recorded (at Moonee Colliery), for extremely short durations, followed by a “suck-back” as the air initially displaced 
by the falling piston of caved rock was drawn back into the void above the falling rock. Figure 2 is a schematic 
diagram of this failure mechanism in the Newstan scenario (after Crouch, 1996), whilst Figure 3 shows the record of 
a typical windblast monitoring trace. 
On the basis of this and related research outcomes, the mines involved were able to adopt a range of appropriate 
risk mitigation strategies, including special personnel protective safety apparel; microseismic monitoring systems 
and geological drilling ahead of extraction to locate potential windblast prone ground conditions. The monitoring 
instrumentation is now deployed in a sub-level caving gold mining operation in Western Australia, to detect 
potential airblasts associated with delayed caving events. 
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Fig. 2.  Schematic diagram of Newstan windblast mechanism (after Creech, 1996) 
 
 
 
Fig. 3.  Typical windblast monitoring trace recorded by UNSW (after Fowler et al, 2003) 
 
8. Communications 
 
The Northparkes incident highlighted the fact that mining accidents are often the result of failures of management 
systems – even with the best technology in the world in use. Some aspects of management systems have already 
been addressed in this paper, in terms of good practice with respect to conduct of risk assessments. However a 
fundamental aspect of any good management system is good and effective communications. Even where 
comprehensive and appropriate management decisions are taken by a study group, or risk assessment team, unless 
those decisions are effectively conveyed to the appropriate persons elsewhere in the mine, problems and potential 
major accidents can still arise. In particular, where issues such as core risks are to be managed, which require 
ongoing attention for the life of the mine, communication issues are paramount. Arising from the Northparkes 
Inquest were the following points with regard to effective communication: 
• The management system must place the core risks of the system on a recurrent, or continuing agenda so that they 
are regularly reviewed to ensure controls continue to be both adequate and appropriate. 
• Given that core risks are likely to require ongoing management, possibly for the life of the project, it is essential 
that any risk assessments focusing on them must be extremely well documented so as to be meaningful and able to 
stand scrutiny years after they are conducted. 
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• The outcomes of such risk assessments must very clearly assign responsibility for any controls, not just to an 
individual person, but to a position within the organization so that as personnel change, the responsibility for 
management of core risks remains assigned within the management structure. 
• Where external advisers/consultants are engaged, their scope must clearly define to whom, and how they are to 
convey their findings, such that the relevant people in the organisation are aware of any new information or critical 
advice. 
 
9. Education and training 
 
No mining operation can function without well trained personnel. A mine that has embraced new technology can 
very quickly fail, if the personnel are not trained in the technology, or are of insufficient educational and skill 
background and experience. Lack of such education and training can not only inhibit the operation, but has the 
potential to contribute to development of hazards which may ultimately threaten mine safety. 
In relation to education of mining engineers, UNSW is actively engaged in providing formal education at both 
undergraduate and postgraduate level, as well as continuing professional development for industry personnel. 
Within the formal education sphere, relating to geotechnical matters, the UNSW postgraduate programs include a 
Graduate Diploma in Coal Mine Strata Control, and a Master of Mining Engineering (Mine Geomechanics). In 
terms of effectiveness of training, recent innovations developed by UNSW, and regarded as state-of-the-art, on a 
world scale, include the use of interactive teaching facilities, and immersive virtual reality software applied through 
360 degree stereo surround theatres. 
 
10. Conclusions 
 
This paper has attempted to portray the important relationship between both technology development and good 
management practices. Either one of these, without the other, can lead to problems, inefficient mining operations, 
and most importantly, can jeopardize the safety of the mining operation. 
In order to achieve safe mining systems and operations, sound management techniques, such as risk management, 
must be applied right from the feasibility stage, through to the entire ongoing mining operation. Similarly, as new 
technologies  are developed, they must be scrutinized by a thorough risk assessment process and then appropriate 
risk-based management plans developed for their application.  
The paper has used research examples from the field of mine geomechanics to illustrate how technical 
developments must subsequently be integrated into the mine management system within a risk framework in order 
to maximis e their potential benefit to the operation. 
Finally, the importance of good communications, and good education and training is the key not only to achieving 
the maximum potential from the human resource available, but can be the cause of catastrophic, life-threatening 
failure, if not given the attention it deserves. 
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